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(e.g., high blood pressure), test for gestational health problems (e.g., gestational diabetes) and refer expectant mothers to relevant services, such as nutritional programs and family planning resources. 7 For decades, the standard recommendation has been for prenatal care to begin as early as possible during pregnancy or, ideally, prior to conception. 8 Owing largely to expansions of Medicaid coverage for pregnant women in the late 1980s and early 1990s, prenatal care has become nearly universal in the United States; some 92-96% of women who gave birth in 2006 received at least some prenatal care. † 9 However, the timing and adequacy of that care vary. For example, 17-32% of U.S. births in 2006 were to women who had initiated care after the fi rst trimester, 9 and 25% of births in 2002 were to women who had had less than adequate prenatal care, as defi ned by the Adequacy of Prenatal Care Utilization Index 10 (which takes into consideration both the timing of initiation of care and the number of visits). An explicit goal of the Healthy People 2020 plan is to increase the proportion of pregnant women who receive early and adequate prenatal care by 10% from its 2007 level.
11
The proportion of U.S. births that were to women who had had a birth in the previous two years increased from 11% to 18% between 1995 and 2002. 1 The reasons for this dramatic increase have not, to our knowledge, been explored. However, the trend may be cause for concern. A meta-analysis published in 2006 found that very short and very long interpregnancy intervals (the time between a birth and the mother' s subsequent conception) are associated with adverse perinatal outcomes, including preterm birth, low birth weight and small size for gestational age; 2 these, in turn, are associated with a number of adverse child health and developmental conditions. 3 A 2011 study found that interpregnancy intervals of less than 12 months are strongly associated with the second child' s having autism, and that the association is not mediated by low birth weight or preterm birth, suggesting that other causal pathways are involved. 4 The proposed mechanisms by which short interpregnancy intervals lead to adverse infant outcomes generally involve maternal nutritional defi ciencies, particularly folate depletion, but are not well understood; hypothesized mechanisms relating long birth intervals to adverse maternal and child health outcomes are even less well developed.* 2 Prenatal care is one of the most frequently used health services in the United States. 5, 6 Standard prenatal care involves a series of visits during which providers educate women about pregnancy, monitor medical conditions to control their fertility has been substantial-particularly since the International Conference on Population and Development, in Cairo (1994) , and the fourth World Conference on Women, in Beijing (1995)-and evidence indicates that such programs affect reproductive behavior. 24 While population-based research on the effects of reproductive health education on fertility in developed countries has been scant, such education provided as part of prenatal care may empower women to control their fertility even in these contexts. That is, underlying issues of population and development in the developing world, such as women' s education and autonomy, may be relevant-at least to some extent-in developed countries.
Prenatal care may also facilitate fertility control by connecting mothers to medical and social service systems, some for the fi rst time. Children whose mothers had early or adequate prenatal care are more likely than those whose mothers had inadequate or late care to have the recommended numbers of well-child medical visits and immunizations, after income and other measures of socioeconomic status are taken into account. 25, 26 A study using econometric techniques to address potential bias due to omitted variables had similar fi ndings regarding well-child visits. 15 Connection to the health care system may provide access to, and encourage the use of, family planning services.
Evidence that prenatal care affects subsequent birthspacing would call for a reexamination of the role and content of such care, especially if the fi ndings shed light on the underlying pathways. Given that half of all births in the United States are unintended, 27 the potential impact of prenatal care on subsequent fertility is substantial. In this study, we take the fi rst steps in investigating this issue by establishing whether an association exists between exposure to prenatal care and subsequent birth intervals, and by assessing whether differences among groups of mothers in the magnitude of this association are consistent with our conceptualization of how prenatal care might affect fertility. We hypothesized that increased exposure to prenatal care is associated with increased fertility control and a reduced likelihood of short subsequent birth intervals; that the associations between prenatal care and long birth intervals are much weaker than those for short birth intervals, since family planning messages conveyed during prenatal care should affect behavior more during the postpartum period than in the long term; and that the associations between prenatal care and birth intervals are strongest for women with low educational attainment, who stand to gain the most from prenatal health information.
METHODS

Sample
We linked electronic birth certifi cate fi les from New Jersey across births to the same mother. The linked fi le we used included records for approximately one million live births that occurred from 1996 to 2006. During this period, New Jersey used the 1989 version of the U.S. Standard Certifi cate of Live Birth; like most other states, it had Most research on the effectiveness of prenatal care has focused on infant health outcomes (typically birth weight or mortality) and has found very modest or no effects. 12, 13 Some recent studies have taken a broader view of the potential impact of prenatal care, recognizing that the benefi ts of providing pregnant women with health information and counseling (typical components of prenatal care) may last long after the child is born. Indeed, the broad goal of contemporary prenatal care is to promote the health of the mother, child and family through the pregnancy, the delivery and the child' s development. 8 Some evidence suggests that prenatal services improve women' s postpartum health behaviors. For example, one randomized controlled study found that prenatal education and counseling about breast-feeding increase rates of the practice among low-income urban black women, 14 and a study that used econometric techniques to address potential bias from omitted variables found evidence strongly suggesting that fi rst-trimester prenatal care reduces the prevalence of postpartum maternal smoking, as well as some evidence that it may increase that of breast-feeding. 15 To our knowledge, the role of standard prenatal care in shaping future reproductive behaviors has not been studied. Because such care includes information about family planning, it may affect subsequent birthspacing through fertility control. In a study that used 2004-2005 Prenatal Risk Assessment Monitoring System (PRAMS) data from Florida, 80% of mothers reported that during the prenatal period, a health care worker talked to them about postpartum birth control use. 16 This fi gure is identical to an aggregate estimate based on 2006 data from 24 PRAMS sites. 17 In principle, prenatal counseling about family planning could help women prevent unwanted pregnancy. Data from the Guttmacher Institute suggest that public funding of family planning programs in the United States is effective in preventing unintended pregnancy 18 and abortion; 19 however, the evidence that clinical interventions prevent unintended pregnancy and improve contraceptive use is mixed, although the literature is fraught with methodological issues, such as small sample sizes, high attrition and weak interventions. 20, 21 In addition to any impact prenatal care may have on postnatal contraceptive use, it could affect subsequent birth intervals though other means, such as by encouraging breast-feeding (which is associated with reduced fecundity). 22 It may also increase fertility control by providing health education, which can empower women and help them choose contraceptive methods that are consistent with their lifestyle preferences and values, as well as lead to greater contraceptive effi cacy and perhaps to decisions to terminate unplanned pregnancies. In developing countries, fertility is inversely related to women' s educational attainment, women' s reproductive behavior is strongly infl uenced by societal levels of economic development and gender inequality, and the impact of education on fertility depends on women' s autonomy. 23, 24 Interest in informal programs designed to educate women in developing countries about family planning and empower them formula 2,4 is equivalent to the interval from the date of birth of the fi rst child to the estimated date of conception of the second. In our sample of live births, the average difference between the woman' s birth interval and her interpregnancy interval (i.e., the gestational age of the second child) was 8.96 months. Because the cutoffs used in prior studies for long and short birth and interpregnancy intervals have varied, we assessed the sensitivity of our estimates to alternative interval cutoffs.
Our main measure of exposure to prenatal care was a categorical variable characterizing whether the mother' s fi rst prenatal visit took place during the fi rst three months of the pregnancy corresponding to her fi rst birth, during months 4-6, during months 7-9 or not at all. In the coding instructions for the New Jersey electronic birth certificate, prenatal care visits were defi ned as visits with a health professional specifi cally related to the current pregnancy, including visits for physical examination, history, counseling or treatment. We also assessed adequacy of prenatal care, as measured by the revised Graduated Index of not adopted the revised 2003 form by the end of 2006. However, during data collection, the standard birth certifi cate fi elds were augmented with additional variables of interest to the state.
The birth certifi cate fi les contained identifying information for each mother, as well as the date of her last live birth, which allowed us to match in-state births to the same mother during the observation period. For 76% of the birth certifi cates indicating that the mother had had a prior live birth on or after January 1, 1996, we were able to fi nd the records for the previous birth; the other 24% of births were to mothers who had given birth in another state or whose records did not match to the previous birth for other reasons (which cannot be determined from this fi le). As might be expected, the match rate was highest for women who were born in New Jersey (82%) and much lower for those who were foreign-born (63%).* The linkage process is described in more detail elsewhere. 28 The electronic birth certifi cate fi les contained data on the timing and use of prenatal care, the date and hospital of birth, demographic and other characteristics that are routinely available in natality fi les, and Medicaid coverage for the birth.
We restricted our analysis to women who had a fi rst birth between 1996 and 2000. Of these 208,142 women, we identifi ed 130,919 who had at least one other birth in New Jersey by 2006. After we removed cases with missing records on intermediate births, the sample was reduced to 126,360 mothers. We further restricted the sample to the 125,140 mothers whose fi rst and second births were both singletons. We excluded mothers whose listed birth intervals were shorter than the gestational age of their second child (231 women); we also excluded, in turn, mothers who were missing data on Medicaid status (4,407), month of prenatal care initiation (4,059), or demographic characteristics, number of prenatal visits or gestational age (2,781). Thus, our fi nal sample comprised 113,662 mothers.
While the proportion of women with missing data on any one measure was small (4% or less), the pattern of sample loss due to missing data was not random; missing data were especially common among mothers who had short or long birth intervals, women who were teenagers at the time of their fi rst delivery, black women and women who were unmarried at the time of the fi rst birth.
Measures
Our primary outcome measure was length of time between the mother' s fi rst and second births, categorized as less than 18 months, 18-59 months, or 60 or more months. Although examining interpregnancy intervals would have better captured reproductive behavior subsequent to prenatal care, we focused on birth intervals because we did not have data on second pregnancies that did not result in live births (i.e., those that ended in miscarriages or induced abortions). However, in supplementary models, we did consider interpregnancy intervals, which we calculated as the birth interval minus the second child' s gestational age; this frequently used *Reported match rates are based on the proportion of second births in New Jersey that match fi rst births in the state, and not the proportion of fi rst births that match second births. The match rate is likely to be much higher for immigrants when the sample is restricted to fi rst births that occurred in New Jersey, as it is in our analyses. about the father; women were classifi ed as married with father information, unmarried with father information or lacking father information (whether married or unmarried). Another measure indicated whether the birth was covered by Medicaid (a proxy for poverty). Finally, to control for unobserved factors that may vary by hospital and over time, we included indicators for hospital and year of fi rst birth.
Analyses
First, we present sample characteristics by trimester of prenatal care initiation, and subsequent birth intervals by timing of prenatal care initiation, adequacy of prenatal care and maternal characteristics. In these descriptive analyses, we report results from chi-square tests of equal proportions to identify signifi cant differences across prenatal care groups. Next, we present a series of multivariate analyses that used multinomial logistic regression with robust standard errors to account for clustering at the hospital level.
For each model, we report results from tests of statistical signifi cance for the multinomial regression estimates, as well as McFadden' s pseudo-R 2 statistics for model fi t. The multivariate analyses are intended to identify associations between prenatal care during a fi rst pregnancy and the timing of the mother' s second birth, after adjustment for other factors that may be associated with both measures. A potential limitation of our approach is that mothers in our sample were not equally exposed to the risk of having a long birth interval. Those who had their fi rst birth in 1996 were observed for 10-11 years, whereas those who had their fi rst birth in 2000 were observed for only 6-7 years. However, the indicator for year of fi rst birth adjusts for unequal exposure. Moreover, most second births in our sample took place within the lowerbound exposure interval of 6-7 years. Specifi cally, 89% of mothers who were observed for 10-11 years had their second birth within six years.
In addition to estimating multinomial logistic regression models for the full sample, we conducted analyses stratifi ed by maternal education (fewer than 12 years vs. 12 or more); to minimize potential confounding between maternal education and age, these analyses were limited to mothers who were at least 25 years old. Finally, we conducted a set of supplementary analyses to explore the sensitivity and robustness of our fi ndings.
RESULTS
Descriptive Analyses
Eighty-fi ve percent of the mothers had initiated prenatal care in the fi rst trimester of pregnancy, 12% in the second trimester and 3% in the third; fewer than 1% had no care at all. Those who had initiated care in the fi rst trimester were more likely than later initiators to be 20 or older, white, well educated (i.e., to have 16 or more years of education) and married; they were less likely than later initiators to have been born outside of the United States and to have had their births covered by Medicaid (Table 1, page 15 ).
Prenatal Care Utilization (R-GINDEX), which takes into consideration both the month of prenatal care initiation and the disparity between the number of prenatal care visits and the number of visits recommended by the American Congress of Obstetricians and Gynecologists, given the infant' s gestational age at delivery. 29 The R-GINDEX categorizes care as inadequate, intermediate, adequate, intensive (a level generally indicative of a high-risk pregnancy), no care or missing.
Control variables included in our analyses-all of which were measured at the time of the fi rst birth-included the mother' s age (categorized as younger than 20 years, 20-34, or 35 or older), race and ethnicity (white, black, Hispanic or other), nativity (foreign-born or U.S.-born) and years of education (fewer than 12, 12-15, or 16 or more). We also included a variable that encompassed the mother' s marital status and whether the birth record contained information with a short birth interval. The odds of having a second child within 18 months, rather than in 18-59 months, were raised by 19% if the mother had initiated prenatal care during her second trimester as opposed to her fi rst (odds ratio, 1.2). The odds of a short birth interval were elevated further among mothers who had initiated care during the third trimester (1.3), and further yet among those who had not obtained any prenatal care (1.6). In contrast, no association emerged between timing of prenatal care and long birth intervals. The associations between control variables and birth intervals also were consistent with those of the bivariate analysis. Maternal age younger than 20 was positively associated with both short and long birth intervals (odds ratios, 1.1 for each). Women aged 35 or older were more likely than those aged 20-34 to have a short birth interval, rather than an interval of 18-59 months (1.3), but less likely to have a long birth interval (0.6), perhaps refl ecting decreased fecundity at advanced maternal age. Black and Hispanic women were more likely than white women to have birth intervals other than 18-59 months Eleven percent of the mothers gave birth to their second child within 18 months of having the fi rst; 74% had their second child 18-59 months after the fi rst and 15% had their second fi ve or more years after the fi rst ( Table 2) . Timing of prenatal care, adequacy of care, and all social and demographic characteristics were associated with subsequent birth interval. In particular, characteristics associated with a reduced likelihood of short or long birth intervals included having had early prenatal care, having had adequate or intensive prenatal care, being white, being U.S.-born, having 16 or more years of education, being married and not having received Medicaid benefi ts. Levels of both short and long birth intervals were higher among teenage mothers than among any other age-group; mothers 35 or older were the least likely age-group to have long birth intervals.
Multivariate Analyses
Consistent with the bivariate results, timing of prenatal care initiation was associated with subsequent birth interval in multivariate analyses (Table 3 ). In particular, initiation of care after the fi rst trimester was strongly associated second (rather than fi rst) trimester was positively associated with short birth intervals among mothers with fewer than 16 years of education (odds ratio, 1.2), but not among better-educated women (Table 5 ). The odds ratios for associations between third-trimester prenatal care and subsequent birth intervals were similar for the two education groups, although neither was statistically signifi cant. The associations between having had no prenatal care and subsequent birth intervals were imprecisely estimated because of very small sample sizes, particularly for the more highly educated group.
Sensitivity and Supplemental Analyses
We assessed the sensitivity of our results regarding the associations between the timing of women' s fi rst prenatal care visit and short subsequent birth intervals to three alternative approaches: treating birth interval as a binary outcome; using interpregnancy intervals rather than birth intervals as the outcome; and using alternative cutoffs for both birth intervals and interpregnancy intervals. First, we found that the odds ratios from logistic regression models for the associations between the timing of prenatal care initiation and either a birth interval of fewer than 18 months or an interpregnancy interval of fewer than nine months (Table 6) were almost identical to the ratios from the multinomial regression models for a birth interval of fewer than 18 months (Table 3 ). The similarities between the estimates for birth intervals less than 18 months and interpregnancy intervals less than nine months are not surprising, since (as discussed earlier) a birth interval of 18 months is almost the same as an interpregnancy interval of nine months in a sample of live births. Likewise, the odds ratios for the relationship between timing of prenatal care initiation and birth intervals of fewer than 21 months were almost identical to those for interpregnancy intervals of fewer than 12 months (Table 6 ). For both outcomes (birth interval and interpregnancy interval), the covariate estimates were largely insensitive to the cutoff used.
In addition, we conducted supplementary analyses corresponding to Table 3 that limited the sample to U.S.-born mothers, that limited the sample to mothers who were at least 25 years old or that stratifi ed the sample by Medicaid status. In all sets of analyses, the results were very similar to those for the full sample. Specifi cally, initiating prenatal care during the second or third trimester (rather than the fi rst) was positively associated with short birth intervals; it was generally not associated with long birth intervals, except for third-trimester initiation of care among U.S.-born mothers (odds ratio, 0.83).
We further validated the fi ndings by repeating the analyses from Table 3 using the month rather than trimester of prenatal care initiation, and using the Adequacy of Prenatal Care Utilization Index rather than the R-GINDEX. In both cases, the negative association between greater intensity of prenatal care and short birth intervals was replicated. Furthermore, in both instances, a clear dose response was apparent.
(1.1-1.3). Women who were immigrants or had fewer than 16 years of education also had elevated odds of both short and long birth intervals (1.1-1.6). Among women for whom information about the father of their fi rst child was available, unmarried mothers were as likely as married ones to have short birth intervals, but much more likely than married mothers to have long intervals (2.4). Lack of father information for the fi rst birth was negatively associated with short birth intervals (0.9), but positively associated with long birth intervals (2.5). Having had a birth covered by Medicaid was positively associated with both short and long birth intervals (1.1-1.2) .
In analyses that considered the adequacy of prenatal care, the odds of having a second birth within 18 months (rather than in 18-59 months) were 23% greater if a woman had had inadequate rather than adequate care (odds ratio, 1.2- Table 4 , page 17). The odds ratios for other measures were virtually identical to those in the analyses using timing of care.
Results of analyses that stratifi ed women aged 25 or older by their educational attainment were generally consistent with our predictions. Initiation of care in the attention in the United States. Our fi ndings suggest that the possible benefi ts of discussing family planning during prenatal care visits-which may be among the fi rst encounters that many U.S. women have with the preventive health care system-should be further investigated, as the potential impact on public health is large. Although most mothers report having received family planning counseling from their prenatal care providers, we are not aware of any published guidelines specifying the content of this counseling, or of any data on whether birthspacing is discussed during standard prenatal care. Future research should explore the content of this counseling and its associations with birthspacing and other reproductive outcomes. More generally, our fi ndings also add to a growing body of evidence that prenatal care is associated with a variety of desirable outcomes not directly linked to the targeted pregnancy.
We also estimated models corresponding to those in Table 3 that stratifi ed the sample by either maternal age (younger than 20 vs. 20 or older), race and ethnicity, or marital status, all of which were associated with sample loss. The relationship between prenatal care timing and birth intervals among teenagers was very similar to that among adults, and that among married mothers closely resembled that among unmarried ones. The association between timing of prenatal care initiation and subsequent birth intervals was somewhat weaker among blacks than among whites; because levels of missing data were higher among blacks than among whites, this fi nding suggests that the estimates for the full sample in Table 3 might be infl ated. However, the infl ation from this source is unlikely to be substantial, as the rate of missing data was low even among blacks, who accounted for less than 15% of the total sample.
Finally, we estimated models corresponding to those in Table 3 that controlled for county of residence, rather than for hospital of birth, and adjusted the standard errors for clustering at the county level; the results were insensitive to this alternative specifi cation.
DISCUSSION
Prior research on maternal and infant health has generally failed to fi nd that prenatal care has substantial effects on important neonatal outcomes, such as birth weight and gestational age. This may be because, for many women, the intervention is "too little, too late" to affect the outcome of the pregnancy. However, recent research provides evidence that prenatal care has positive effects on subsequent health behaviors, including postpartum cigarette smoking, use of well-child care and possibly breastfeeding. 15 Such behavioral changes may improve maternal postpartum health and confer an array of long-term protective effects. In this vein, we examined whether use of prenatal care before a fi rst birth is associated with women' s ability to time their second births more consistently with public health guidelines-that is, whether prenatal care is related to optimal subsequent birthspacing. While our data contain no direct measures of family planning or fertility-related behavior, short birth intervals are de facto evidence of lack of fertility control.
Our fi ndings provide strong evidence that earlier and more intensive exposure to prenatal care during a fi rst pregnancy is associated with more optimal spacing and thus, most likely, with better fertility control. Not only are odds ratios for the associations between prenatal care and subsequent short birth intervals large, as well as robust to numerous model specifi cations, but the associations appear to be dose-dependent. As hypothesized, we also found that the association is greatest among women with low educational attainment.
Despite strong interest among family planning scholars and practitioners in informal programs designed to educate and empower women in developing countries regarding fertility control, this approach has garnered little 
Limitations
Our study has certain limitations. First, we studied births that occurred during a relatively brief time period and in only one state; moreover, the linked birth records excluded women who had moved out of state between their fi rst and second births. However, New Jersey' s population, more than that of nearly any other state, refl ects the composition and diversity of the U.S. population. 30 In addition, because our sample included all pairs of fi rst and second births in the state during a recent observation window, nonresponse bias should be minimal. These attributes make us confi dent that our results may be generalizable beyond this sample. Second, although our analyses controlled for many possible confounding factors, including hospital of birth and Medicaid status, the strong associations we found between prenatal care and short birth intervals may refl ect omitted characteristics that are associated with both prenatal care use and birthspacing. Therefore, we cannot assume that the associations we found refl ect causal relationships. However, our fi ndings suggest that late initiation of prenatal care before a fi rst birth is a risk factor for having a second birth too soon.
Third, with our data we were not able to explore the potential pathways between prenatal care and subsequent fertility outlined earlier, and had only limited ability to investigate associations between prenatal care and interpregnancy intervals. Both of these areas of inquiry represent potentially important directions for future research and for shaping the content of prenatal family planning interventions.
Conclusion
The fi ndings from this study are particularly timely because several states, including New Jersey, have reduced or eliminated state funding for family planning, and proposals have been made to do the same at the federal level. The dwindling of public family planning resources makes it all the more imperative to learn about and exploit the potential benefi ts of prenatal care, which is used by almost all pregnant women, to make up some of the gap. While this strategy cannot prevent unwanted fi rst births, it nevertheless has great promise, given that an estimated 75% of unwanted births occur among women who have already had at least one live birth. 31 Providers should capitalize on their limited encounters with women who initiate prenatal care late, or use it sporadically, to ensure that these women receive information about family planning.
